In order to complicate the notion of a visual world universally constituted by light, this article undertakes an archaeology of light as a medium in China, where the discoveries of the polymath Mo Di 墨翟 (ca. 470-ca. 391 BCE) established different epistemological foundations for the study of light roughly a century before the Optica (Optics) of the Greek mathematician Euclid (mid-4th-mid-3rd century BCE). Indeed, many traditions of optical media, including but not limited to that of China, have been subsumed into or allegedly superseded by-and thus rendered invisible within-contemporary "global" practices, which are simply those of the Euclidean tradition propagated broadly. Yet it would be difficult to sketch a "global" history of optical media in a single book, let alone a single article. Consequently, this article examines the development of light as a medium in China in order to understand how the Mohist epistemology of light and its media can be understood in contrast, connection, and comparison to the Euclidean framework of early optics and its subsequent developments, now presumed to be normative. This article thus seeks to expose the limitations of such paradigms, and moreover, to provoke revision of other narratives of light and its media before and beyond the Euclidean tradition, while attending to the methodology of "postglobal" art history.
the light that forms words and images. Digital images transmitted via the internet create instantaneous communication, including the sharing of visual imagery. Such instantaneous communication thus makes possible a more homogeneous world culture. While the homogenizing potential of instantaneous communication is distributed as widely as the information itself, however, that potential is rarely realized in ways that are truly universal, unedited, and global. Moreover, when the potential of instantaneous communication to homogenization is redirected towards individual, selective, and local interventions against such homogenizing global culture, that phenomenon is often mistaken for that which it seeks to problematize, if not work against.
To complicate the notion of a visual world universally constituted by light, this article undertakes an archaeology of light as a medium in China, where the discoveries of the polymath Mo Di 墨翟 (ca. 470-ca. 391 BCE) established different epistemological foundations for the study of light roughly a century before the Optica (Optics) of the Greek mathematician Euclid (mid-4th-mid-3rd century BCE).
3 Indeed, many traditions of optical media, including but not limited to that of China, have been subsumed into or allegedly superseded by-and thus rendered invisible within-contemporary "global" practices that are simply those of the Euclidean tradition and its successors propagated broadly. Yet it would be difficult to sketch a "global" history of optical media in a single book, let alone a single article. Consequently, this article examines the development of light as a medium in China in order to understand how the Mohist epistemology of light and its media can be understood in contrast, connection, and comparison to the Euclidean framework of early optics and its subsequent developments, now presumed to be normative. This article thus seeks to expose the limitations of such paradigms, and moreover, to provoke revision of other narratives of light and its media before and beyond the Euclidean tradition.
The "Postglobal": A Methodological Preamble
Within the discipline of art history, practitioners from "emerging art histories" have begun to question the validity of "global" approaches to the discipline, approaches that address "the rest" on terms dictated by "the West," often at moments of contact between "the West" and "the rest," and all too frequently and unavoidably through pre-existing structures of knowledge formed in and by "the West." 4 In the case of optical media, for example, such practices might be understood to be exemplified by the two epigraphs at the beginning of this article. The first, drawn from the classic study of Chinese optics, finds Chinese optics wanting thanks to its lack of knowledge of Euclid, despite the fact that it is the absence of Euclidean geometry that facilitates the development of Chinese optical media. The second, drawn from a recent work of art-historical scholarship, implies that China had no optics until imported Western optical devices had circulated there for two centuries, where they promoted (again implicitly Western) "scientific inquiry" well after the import of Chinese optical media to Europe transformed European spectacular experience. These perspectives sit against those of scholars who work on "the West," who may have no knowledge that China had a discrete history of the study of optics and of optical media.
It is in the face of scholarship of this type that scholars from and working in "emerging art histories"-the histories of art of cultures that, while producing art in their indigenous media, have not framed it in the terms afforded by the implicitly "Western" discipline of art history-have begun to propose "postglobal" approaches. 5 "Postglobal" approaches seek to examine histories of art outside those of established traditions: they address this art firstly in its own terms, and only then by identifying its similarities to, and differences from, the established paradigms that shape the epistemological structures and language of established art histories. The goal of such inquiry is to consider art made outside "the West" literally in its own terms, emphasizing nomenclature as a means by which to consider the resemblance, correspondence, and incommensurability of "non-Western" cultures with those of "Western" art history in order to restore the primacy of "non-Western" art and to undercut the dominance of "Western" art history.
The goal of these approaches is to articulate, productively, the epistemic differences and/or convergences of emerging and established art histories, the latter often implicitly or explicitly "Western." 6 The scope and language of this endeavor, however, remain unsatisfying. So pervasive, insidious, and polymorphous is "the West"-encompassing variably Europe (from the ancient Near Eastern sites invoked tacitly and unremarkably as pre-Greek progenitors of the Judeo-Christian tradition, the long geography of which also encompasses Egypt, also tacitly and unremarkably, given its place in texts of this tradition), its colonies and/or former colonies (on a case-by-case basis, not including indigenous practices that pre-and postdate the colonial project), and its cultural forms propagated through global flows of capital (mutating through local adaptation)-that limiting its metastasizing reach in order to create the possibility for other narratives of art history is itself a problem.
As a nascent method in art history, a comparativist, "postglobal" approach has no fixed practice, nor does the term "postglobal" have a fixed definition. To work in this new and experimental methodological space is to seek to understand phenomena outside the terms of a single, universal or "global" narrative that implies cultural connection or cohesion, the approach of "the West" to "the rest." 7 Rather, this method rejects the reaching out of "the West" to "the rest"; it upholds the primacy of "the rest" (or rather of a discrete culture or cultures within "the rest"). It therefore privileges the recovery of indigenous, "non-Western" knowledge from the specific culture or cultures in which such knowledge originates, what might be called a "preglobal" moment (even if that knowledge has become embedded, at least to some extent, in "Western" structures of knowledge). Subsequently, this approach problematizes the moment when indigenous, non-Western and imported, Western knowledge-the latter often perceived to be universal and/or normative-mingle in the formation of a "global" narrative, one in which "the West" makes contact with, catalogues, and perhaps assimilates "non-Western" knowledge. Finally, this method attempts to elucidate indigenous, "non-Western," "preglobal" knowledge in dialogue with, but not circumscribed by, implicitly "Western," "global" knowledge, to create a "postglobal" episteme that allows the indigenous, "non-Western" phenomenon to be understood on its own terms, freed as much as possible from any prior "Western" contraints placed upon it, while seeking sufficient comparative context as to make indigenous terms intelligible to those familiar with a universalizing, implicitly "Western" narrative of art history. 8 To be clear: "preglobal," "global," and "postglobal" are not chronological categories, but epistemic ones used for analytical purposes. These categories are no more "true" in historical terms than many studies of "globalization" are "global."
9 Across the span of human history, things and ideas have moved broadly. The art historian, however, requires tools of fixity that, no matter how artificially, stop or segment moments in artistic mobility and knowledge transfer in order to understand their implications. It is as tools that interrupt and/or pause what are in practice continuous historical phenomena that the terms "preglobal," "global," and "postglobal" function in this article. 12 Although luminous, when viewed from the front (as they typically are), the way in which they are lit internally cannot be seen. Viewing the physical relation of light source to image in these works, however, 6 ). Whereas Wall's light boxes, constructed on the wall with their oversized photographic transparencies, conceal the very light source that makes their static images visible, Xu's installation reveals its light sources and its capacity to project even the potential motion of its free elements onto a shadow screen.
In fig. 8 ), Song Dong projected three images: one of his face (shown right), one of his father's face (shown left), and one constituted by the superimposed projection of both faces (shown center). Whereas Snow digitally remasters an optical, time-based medium by exploiting the properties of light and transparency to establish a new sequence and temporality of viewing, Song manipulates the properties of All four works appear grounded in a shared, "universal" knowledge of light and optical media, including the possibilities of diffused and lens-focused light sources, transparency and bodilessness, and temporality. Such a contemporary, universal understanding of light as a medium presumes a single, unified, and tacitly "Western" discourse of optical media. Indeed, "Western" discourses of optical media presume that devices for the movement and projection of images originate only within the "Western" tradition. 13 This notion of light is propagated-and underscored-by access to these works and their Anglophone internet criticism, works and criticism transmitted to their audiences through the ubiquitous optical medium of the LED screen. This article takes these works not as objects of study but as pretexts for a larger argument about the histories of optics and their media that such works obscure.
These works presume a universal and undifferentiated contemporary sense of light-based media that inherently equates and compares works made in different cultural contexts. This is to some extent a result of the fact that, when the "Western" discipline of art history has turned its attention to matters of light and optics, and to the allied fields of catoptrics, perspective, and dioptrics, it has tended to look only within its own tradition (although that tradition is broadly conceived as encompassing ancient Near Eastern and Egyptian antiquity).
14 Even when scholars working outside the "Western" tradition have attended to such matters, they have taken the "Western" tradition as normative, and thus have been unable to understand "non-Western" traditions on their own terms. 15 To remedy this state of the field, contemporary works executed in optical media might be understood more precisely with respect to a strongly revisionist, albeit schematic, "postglobal" history of optics.
The essay that follows proposes to rethink the historical and epistemological foundations of contemporary works of optical media by placing them in the context of a schematic history of optics segmented into three epistemic phases. First, it examines the discrete, "preglobal" origins of optics and optical media in China and in "the West," here exemplified by Greece and the optics of Euclid; this account makes clear that Chinese scholars beginning with Mo Di-and not scholars in the "Western" tradition-first established the properties of light, and did so outside Euclidian conventions of optics symbiotically (and thus inextricably) linked to Euclidean geometry. 16 Second, it sketches one moment in the connective, "global" development of the science of optics, during which "Western" optical knowledge, exemplified by that of Europe, circulated to China, and Chinese optical knowledge circulated to "the West" (specifically to Europe), as exemplified by documentation of the contact of ideas and devices transmitted between them. Third, it seeks comparative, "postglobal" epistemologies of optical media that retain and/or restore knowledge of the local, indigenous histories of ideas and devices that inform work made in what might otherwise appear to be a "universal" language of light and the visual images constituted by it. By presenting an outline history of optical media in China-one in which China "invents" optical media based on an optics unburdened by Euclidean geometry, shares its knowledge with "the West," and subsequently devalues this indigenous knowledge-this essay concludes by revisiting the works of Snow, Song, Wall, and Xu to probe how a "postglobal" history of optical media creates preconditions for understanding light, the universal medium, in historically, geographically, and culturally specific terms within and beyond the foundations laid by Euclid.
The "Preglobal" Moment of Chinese Optical Media: A "Postglobal" Perspective
Chinese optical media began with the origin of optics in China and developed along two axes: its relation to optics and its devices, and its relation to human vision. The study of optics in China originated with Mo Di, also known as Mozi 墨子, in the fifth through fourth centuries BCE. Likely an artisan and certainly a polymath, Mo Di excelled in making unusual devices. 17 He was the first student of light to theorize it in ways that we today understand to be "accurate," his text completed roughly a century before the Optics of the Greek mathematician Euclid, dated circa 300 BCE. Some texts provide suggestive but inconclusive evidence of the possible existence of glass lenses in China; however, no examples of early Chinese transparent lenses survive.
18 Given the development of bronze technology in China before the Common Era, the principal instrument for the investigation of the properties of light in China was the mirror ( fig. 9 ). What is significant in comparing the histories of optics in China and Greece is firstly that Mo Di preceded Euclid by roughly a century, and secondly that, for Mo Di, optics was not lens-based, as was the case in "the West," where polished crystal lenses appeared as early as 750 to 710 BCE, as exemplified by the "Nimrud/Layard Lens" ( fig. 10) , with analogues in Greek antiquity.
19
Mo Di coherently explained multiple optical phenomena. These include shadow (the term used in the original text is ying 景, the precursor to the modern term ying 影), in some cases best translated as "reflection" or "image"; umbra and penumbra (literally "doubling," zhong 重); refraction (literally "appearance," xian 見, described with respect to the appearance of a thing submerged); pinholes (ku 庫), definition of focal point (duan 端), and inversion of images (jingdao 景到, literally "the image inverted"); and plane (zhengjian 正鋻), concave (jianwei 鋻 位, literally "the mirror [that is] concave"), and convex bronze mirrors (jiantuan 鋻團, literally "the mirror [that is] convex"). 20 Significantly, in comparative histories of optics, the properties of light articulated by Mo Di are fundamentally the same as those later articulated by Euclid. Yet Euclid framed his understanding of light in terms of fifty-eight theorems dependent on four definitions that are remarkably similar to the theorems and definitions of his Geometry, whereas Mo Di grounded his optics in experimental practice, namely the observation of light and its movement. 21 It is for this reason that Euclidean optics has a symbiotic relation to Euclidean geometry, the principles of which condition its relation to optical devices, vision, and spatial representation in "the West." 24 Almost certainly this is an account of an early form of zoetropic lantern, or lanterne tournante, capable of rotating and projecting illuminated images using vanes and convection currents. 25 Also noted in the Miscellaneous Records of the Western Capital is a carved jade tube, a "Pipe for Summoning Illusions/Fantasies" (zhaohua zhi guan 昭 華之琯); powered by a small windmill or turbine, the tube projected moving images onto a screen. 26 No evidence exists in "the West" of the contemporaneous development of simple or complex optical media.
27
Even as early conjurers applied knowledge of Mohist optics to the production of optical media, later Chinese scholars followed Mo Di to describe the projection of an image by a pinhole, a pin-sized hole in an opaque support that allows for the transmission of a small beam of light through the hole. Although the transmission of light by pinholes was not instrumentalized-as camerae obscurae-in China (as later became the case in both China and "the West"), the ninth-century scholar Duan Chengshi 段成式 (d. 863) described this phenomenon in his Miscellaneous Morsels from Youyang (Youyang zazu 酉陽雜組); Duan, however, misunderstood its cause. 28 Joseph Needham has suggested that anecdotes detailing the re-animation of lost loves in optical media, such as those of Gao Yanxiu 高彥休 (fl. 874-79) in "Tang Memorabilia" (Tang que shi 唐闕史) and of Sun Guangxian 孫光憲 (d. 968) in "Northern Dreams and Trifling Talk" (Bei meng suo yan 北夢瑣言), may record images generated by a pinhole, in this case one larger than a pin-head, fitted with a transparent, plano-convex lens. 29 Ultimately, the eleventh-century polymath Shen Kuo 沈括 (1031-1095) corrected Duan's misinterpretation of the workings of the pinhole based on the Mohist optics current in his lifetime, indicating how the image of a pagoda was formed upside down when projected through a pinhole.
30 Shen Kuo thus explained the optical properties of a camera obscura, and indicated its potential for image-making. 31 In discrete histories of Chinese and Greek optics, both Mo Di and Euclid (and later Aristotle) understood the function of the pinhole. 32 These histories diverged when, beginning in the mid-ninth century, the projection of light-based images using a pinhole began to circulate in China, knowledge that appeared in Europe centuries later, perhaps through contact with knowledge of optics imported from the Islamic world. 35 Together the passages indicate that the object, the image of which is projected through a pinhole or captured in a mirror, emits light that is mediated by either the pinhole or the mirror. These passages thus make clear that, for Mo Di, the eye saw light emitted by objects.
36
Whereas in Mohist optics light was understood to be given off or reflected from objects and received by a mirror (or an eye), and not emitted from the eye, in "the West" the source of light and the process by which the eye perceives light and objects were debated for centuries. Euclid posited that visual rays extend outward from the eye to illuminate the object, a theory of vision known as "extramission," which the Greek philosopher Plato (ca. 424-ca. 348 BCE) shared but his student Aristotle (384-322 BCE) rejected. 37 Aristotle instead argued for "intromission," in which the eye receives rays emanating from objects, a model compatible with Mo Di's theories on the transmission of light. 38 Tensions between intromission and extramission persisted for centuries in "the West." In his Kitāb al-Manāẓir ‫اتك‬ ‫ب‬ ‫ا‬ ‫انمل‬ ‫رظ‬ (Book of Optics), translated into Latin circa 1200 as De aespectibus, the Arab polymath Abū 'Alī al-Ḥasan ibn al-Ḥasan ibn al-Haytham ‫وبأ‬ ‫،يلع‬ ‫نسحلا‬ ‫نب‬ ‫نسحلا‬ ‫نب‬ ‫مثيهلا‬ (ca. 965-ca. 1040), a native of Basra active in Cairo also known simply as Ibn al-Haytham or Alhacen, countered Euclid's notion of extramission and proposed an opposing theory of intromission that denied the existence of visual rays, ascribing the sense of sight to the eye itself. 39 The European reception of Ibn al-Haytham's theory of the relation of vision and optics, based on his engagement with Euclid, laid the groundwork for a series of scholars, including Leonardo da Vinci (1452-1519), to understand ocular vision with increasing accuracy. 40 This process culminated in 1604, when the German mathematician and astronomer Johannes Kepler (1571-1630) hypothesized, correctly, how the retinal image worked. 41 It is clear that, by the time of the eleventh-century polymath Shen Kuo (noted above), the basic function of the eye was known in China, and binocular vision was taken to be normative. Whereas Mohist optics and knowledge of the pinhole provided a paradigm for understanding the movement of light into a single eye, early Chinese texts such as the I Ching, also known as the Changes of Zhou (Zhou yi 周易), and its commentaries, compiled between the tenth and fourth centuries BCE, address vision and sightedness incidentally, noting the anomaly of one-eyed vision through use of the term miao 眇, which (among multiple definitions) can mean "to see with a single eye."
42 Such concerns continued to be articulated in Shen Kuo's time, as by his contemporary, the scholar and poet Chao Buzhi 晁補之 (1053-1110). 43 Medical and physiognomic texts current during Shen Kuo's lifetime also attended to the appearance and function of the human eye, as well as those of animals. 45 Like this example from Shen Gai, other Song texts also express the possibility of monocularity, sustained through use of the term miao. 46 Yet these texts persist in indicating the normativity of binocularity, principally denoted by the term "two-eyed" (liangmu 兩目).
47
During the Song dynasty, mathematical treatises underscored the implications of binocularity. Specifically, problems involving dual lines of site and the Pythagorean Theorem to calculate distance had been included in "Right Angles" (Gougu 勾股), the final chapter of The Nine Chapters on the Art of Mathematics (Jiu zhang suan shu 九章算術), the text of which was compiled corporately between the tenth and second centuries BCE, and assumed its present form in the second century CE; these problems also had appeared in the supplemental Sea Island Mathematical Treatise (Haidao suan jing 海島算經), the text of which was compiled by Liu Hui 劉徽 (ca. 225-ca. 295 CE). Both texts were republished repeatedly, including during the Song dynasty in 1084 and 1213.
48 These mathematics problems make clear, by extension, that Chinese of the period had the mathematical foundation to understand parallax, its relation to the estimation of space, and its dependence on binocularity and/or a mobile eye. Indeed, the Pythagorean Theorem, attributed to Pythagoras of Samos (ca. 570-ca. 495 BCE) but likely known in ancient Greece well before his time, was integral to Euclidean geometry; for whatever reason, however, its implications for binocular vision appear not to have been considered.
In China, knowledge of optics, vision, and mathematics facilitated the development of schema for the representation of space that accommodated the lack of fixity presupposed by dynamic processes of human sight. Unlike the Euclidean tradition, the Chinese tradition does not posit a one-to-one correspondence of optical and spatial knowledge. In recording the notions of painting held by the eleventh-century Chinese painter Guo Xi 郭熙 (ca. 1020-ca. 1090) in Lofty Treatise on Forests and Springs (Linquan gaozhi 林泉高致), his son Guo Si 郭思 (fl. ca. 1070-after 1123) included his father's notion of the "Three Distances" (sanyuan 三遠).
49
As the text indicates, these distances are predicated on the existence of a mobile, binocular gaze that scans the picture plane. 50 Specifically, "high distance" (gaoyuan 高遠) is the pictorial space as scanned from the bottom to the top of the picture plane (and vice-versa), allowing the viewer to take in the height of the landscape depicted. In contrast, "deep distance" (shenyuan 深遠) is the space experienced by looking through the represented landscape, from front to back and vice-versa. Finally, "level distance" (pingyuan 平遠) is pictorial space as scanned horizontally (right to left and vice-versa), which permits a level gaze across a painted landscape.
51
In practical terms the "Three Distances" are simply nomenclature for the three axes of threedimensional space: height (i.e., "high distance"), depth (i.e., "deep distance"), and width (i.e., "level distance"). It is the ability to gaze into the distance (wang 望) along each axis from at least two points that permits the calculation of distance and, by extension, of spatial relation and proportionality. 52 Height, depth, and width are visible in Guo Xi's Early Spring (Zao chun tu 早春圖) of 1072 ( fig. 12 ), and differently so in his Old Trees, Level Distance (Shu se ping yuan tu juan 樹色平遠圖卷; fig. 13 ), the title of which emphasizes its width. The ability to calculate these values in empirical terms is described in the Sea Island Mathematical Treatise, which contains commonly known problems for calculating height (gao 高), depth (shen 深), and width (guang 廣) in landscape settings. 53 These include problems that solve, via two viewing points, the height of the eponymous Sea Island (dao gao 島高), of a pine tree on a hill (song sheng shan shang 松生山上), and of a building as viewed from a hill (deng shan wang lou 登 山望樓); the depth of a deep valley (shen gu 深谷) and of a clear pool (qing yuan 清淵); and the width of a river mouth (bo kou 波口) and of a river-ford viewed from a mountain (deng 54 Because calculations of spatial relations result from the ability to see from two locations, the mobility of the eye of the viewer is integral to the viewership of a landscape painting from the Song dynasty. In the Mohist tradition, the resonance of optical media with the pictorial representation of three-dimensional space arises because the fugitive images of optical media move the eye to create an image in three-dimensional space just as the eye moves in scanning an image to estimate its proportions, and thus its three-dimensionality. In this way, the algebraic space of the Mohist tradition diverges from the geometric space of the Euclidean tradition.
55
What is significant in comparative histories of spatial representation linked to underlying notions of the function of the eye, monocular and/or binocular seeing, and optics is that, at least in theory, the eyes of the viewer must wander to at least two fixed points in each dimension in order to estimate the dimensions of the space in the case of a landscape painting from the Song dynasty. 56 In contrast, a painting of the European high Renaissance such as The Last Supper ( fig. 14) , begun circa 1495-96 by Leonardo da Vinci (one of the great students of optics, the eye, and spatial representation), makes entirely different demands on the viewer. Here, the viewer must look at the painting with a single, stationary eye to see the dimensions of the space generated by Leonardo's knowledge and application of linear perspective. The rules and formulae for such linear perspective were articulated by Leon Battista Alberti (1404-1472), for example, in "On Painting" (De Pictura) of 1435, and firmly grounded in Euclid's Elements, specifically its description of similar triangles.
57
It is a common misconception in the field of Chinese painting history that the Japanese scholar of Chinese painting Ogawa Hiromitsu demonstrated "the existence of a horizon and vanishing point" in Guo Xi's Early Spring. Rather, in an article reliant on the concept of an "origin" (Jp. genten 原點), the mathematical term for the point at which x-, y-, and z-axes intersect in a three-dimensional Cartesian coordinate system ( fig. 15 ), Ogawa argues that, in Early Spring, Guo Xi invented proportional space centuries before the Italian Renaissance.
58
While Ogawa describes the proportional relationships of pictorial elements in the painting, the underlying mathematics that he uses-Euclidean geometry mapped via a Cartesian coordinate system-was unknown in China in Guo Xi's time. Ogawa's article is analogous to describing the proportional relationships within The Last Supper without understanding the relationship of that painting to Euclidean geometry, and its application to the representation of pictorial space by Alberti and his successors.
Whereas binocularity and trigonometry were integral to thinking about vision and space in China, in Europe knowledge of the pinhole, which provides a functional example of a single ray of light moving in a straight line, furnished the epistemic model for monocular vision grounded in mathematical geometry. The conceptual groundwork for the European epistemic model begins with Euclid's treatment of light in his Optica, which is distinct from his Catoptrica (Catoptrics), his study of light and mirrors. 59 The fifty-eight theorems of the Optica, based on four definitions similar to those of his Elementa, model Euclid's study of light on his study of geometry, with larger epistemological implications for the correspondence of optics and the representation of three-dimensional space in two dimensions. 60 Euclid's statements on the properties of single rays of light, which move in space like the lines of his Elements, offer no model for the binocularity of vision.
Despite the limitations of the pinhole as a model for understanding vision in "the West," the pinhole-based camera obscura nonetheless may have served as a device for rethinking received Greek notions of light and vision inherited from antiquity. In the "Western" tradition, experimentation with pinholes and the invention of the camera obscura often are ascribed to Moreover, this "work" of Ibn al-Haytham often is perceived to underpin the work of Leonardo da Vinci on optics. 62 The situation is more complicated than this: on the one hand, ancient Greek writers knew the pinhole and its properties, as noted above; on the other, extant copies of De aespectibus, the Latin translation of Ibn al-Haytham's Arabic-language Kitāb al-Manāẓir, do not include those passages of the original text that address the camera obscura, nor did Ibn al-Haytham take the camera obscura to be a proxy for the human eye.
63
The limitations of the camera obscura notwithstanding, beginning with Leonardo da Vinci, its use as a proxy for the human eye served as a foundation for the development of "Western" systems of representation, including perspective. 64 In his Codex Atlanticus, Leonardo illustrated the working of the camera obscura ( fig. 16 ), and attempted to link the eye and camera obscura for the first time, following suggestive illustrations of 1492 ( fig. 17) . 65 Leonardo's ideas about the mechanistic nature of the eye also are articulated in his Manuscript D of 1508, in which he describes how the passage of light through the pupil inverts the object ( fig. 18 ), which is also the case for the camera obscura. 66 More importantly, in Manuscript D Leonardo specifically relates the eye to the camera obscura, even as he demonstrates an understanding of the binocularity of human vision. 67 René Descartes (1596-1650) and the English philosopher John Locke (1632-1704), among others, furthered the idea of the similitude of the human eye and the camera obscura.
68
The camera obscura played a significant role in the development of misleading monocular models of vision in Europe during the early modern period. Indeed, the aperture of the camera obscura reinforced the idea of the transmission of light through an aperture and, by extension, through lenses, for which significant, ancient precursors existed in "the West." Following the practices of "Western" antiquity, European devices worked to focus light in single streams through man-made lenses. The man-made lens thus served as a monocular surrogate, prosthesis, and experimental model for the anatomical lens of a single human eye.
Ultimately in China, where a single, light-transmitting aperture such as a pinhole could be understood as a model for a single eye but not for monocular vision, modes of transmitting light optimized for mobile, binocular viewing manifested as optical media. As noted above, the Song-dynasty polymath Shen Kuo wrote about the projection of an image through a pinhole, a phenomenon that focuses light in the way that a lens does.
69 But Chinese scholars who studied light and its transmission also clearly understood the focusing of light and the possibilities that focus afforded for projecting images. Specifically, mirrors were used to move and project lightbased images. 70 In addition to the specular projections of "light-penetrating mirrors" (touguang jian 透光鑑), significantly Shen Kuo, following Mo Di, noted the production of concave mirrors, devices capable of projecting images. 71 While the technology to make such a mirror-that is, a concave mirror with a sufficient focal length to project an image-did not exist in Europe until perhaps the seventeenth century, such technology did exist in China. 72 One Chinese record of a mirror viewed in 1588 notes that the back face of the mirror inverted the shadow/reflection of the person (i.e., turned the shadow/reflection upside down), a defining property of a concave mirror. 73 Prior to their contact with each other, knowledge of optics, vision, and spatial representation in China and in Europe came to define radically different epistemic structures, including those that led to the development of optical media in China. It is not the case that China failed to develop an optics. Rather, subsequent to the development of peerless bronze casting technology in China by 1500 BCE (including the making of highly sophisticated bronze mirrors of multiple types), during the fifth through fourth centuries BCE Mo Di articulated the fundamental properties of light. In China, the alliance of metallurgy and optics served as a foundation for the development of optical media that projected and moved images. Moreover, optical media and their devices relied on an understanding of human vision as mobile and binocular, an understanding articulated in ancient Chinese commentaries on the Classics, later amplified in texts (like that of Guo Si) that describe indigenous Chinese means for constructing pictorial space. Chinese optics thus had very little in common with its "Western" counterpart dominated by transparent lenses (glass and its precursors), monocular vision, and notions of spatial representation linked to the study of geometry and predicated on these phenomena.
The Connections of Optical Media in China: The "Global" Perspective
In Europe and China, two very different histories of optics-and thus two very different epistemologies of optics in relation to human vision, two-dimensional constructions of threedimensional space, and optical media (or its corresponding absence in "the West")-existed parallel to each other until their collision during the sixteenth and seventeenth centuries. At a time when the Jesuits circulated knowledge between the many parts of the world in which they were active, the German Jesuit priest and astronomer Johann Adam Schall von Bell (1592-1666), in his treatise Yuanjing shuo 遠鏡說 (Speaking of the Telescope) of 1626, explained and illustrated the properties of different types and configurations of glass lenses to Chinese audiences more familiar with the comparable properties of bronze mirrors. 74 Schall also described the camera obscura, translating European knowledge of this device back into Chinese, a language in which the principles of the device already had been known for centuries-longer, in fact, than in Europe, as noted above. 75 Indeed it is Schall, in his treatise on the telescope, who made clear the applicability of monocular devices to image-making. 76 Knowledge of the telescope and its glass lenses, as well as of the camera obscura fitted with a glass lens or mirror (the Chinese term jing 鏡 is ambiguous), circulated in Chinese in the work of the literatus and philosopher Fang Yizhi 方以智 (1611-1671) from the mid-seventeenth century. 77 Just as optical devices embodied an imported monocularity in seventeenth-century China, European religious prints not only provided models for Chinese narrative woodcut images intended for a single, immobile eye but also served as templates for picturing the vision of such an eye. 78 Four texts propagated by the Jesuits in China functioned in this way. 79 A spectrum of representational possibilities, albeit those in which the pictorial space is delimited and constructed to be viewed by a fixed monocular gaze, circulated in seventeenthcentury China. 80 Each Jesuit text named above includes an illustration of "The Annunciation," the moment when the angel Gabriel appears to the Virgin Mary to inform her that she would conceive and become the Mother of God. 81 Nadal's Annvnciatio ("The Annunciation," fig. 19 ), a European engraved image, uses the frame of the picture to limit the viewer's field of vision. into an elite house), is similarly limited. 83 Aleni's image of The Annunciation, Shengmu ling shangzhu jiangyun zhi bao 聖母領上主降孕之報 ("The Holy Mother Receives the News [that She] Will Fall Pregnant by the Lord"; fig. 21 ), is an alternate presentation in Chinese of Nadal's work, retaining in the new style the composition (including the architectural form) of Nadal's original. 84 Schall's Tianshen baozhi gujin diyi: Shengde tongnü wei tianzhu jiangsheng zhi mu xiang 天神報知古今第一聖德童女為天主降生之母像 ("Image of the Angel Announcing to the Most Holy and Virtuous Virgin of All Ages that She Will Become the Mother of the Lord of Heaven's Incarnation," i.e., The Annunciation; fig. 22 ) translates the engraved work of Raphaël Sadeler II (1584-1627/1632), after Hans Rottenhammer (1564-1625), into a Chinese woodblock-printed idiom, adding detail not found in the original to the upper third of the picture plane, but retaining the spatial compression of the original as underscored by its framing. Monochrome woodblock print, ink on paper; 15.3 × 11.1 cm.
Österreichische Nationalbibliothek, Vienna Beyond using spatial compression and framing to limit the mobility of the eye, woodblock prints made by Jesuits in China reveal assorted attempts at rendering single-point perspective in simple terms. Each of the books named above includes multiple attempts to do this. Circvnsisio Christi ("The Circumcision of Christ"; fig. 23 ) from Nadal's Evangelicae Historiae Imagines depicts the left and right edges of the raised platform on which Christ is to be circumcised, and the leading edges of the stairs that flank them, to have these lines converge in a vanishing point where the chandelier joins the chain from which it hangs. 86 Lacking an image of the Circumcision, da Rocha's Song Nianzhu guicheng contains an image of the Purification (fig. 24) ; in the foreground, lines define the left and right edges of the steps up to the platform to converge in a vanishing point at the base of the chandelier. 87 Based on an image of the same subject from fig. 27 ), in which single-point perspective is rendered nearly (but not quite) perfectly in the floor tiles. 90 In its imperfection, this rendering simultaneously embodies both the Chinese understanding of this imported system of spatial representation and the Baroque decay of that system in Europe, the site of its origin. 91 These illustrations were not isolated phenomena. Rather, they embodied new ways of thinking about the representation of space made possible by the translation of Euclid's geometry, with its implications for the representation of space, into Chinese. Specifically, Paul Xu . 92 The Elements is not a perspective treatise, but Renaissance perspective treatises such as Alberti's De Pictura of 1435 were grounded in Euclidean geometry. 93 Knowledge of Euclidean geometry thus was necessary, if not sufficient, for the appropriation of single-point perspective in China. 94 Moreover, the Jesuit Missions in China possessed contemporaneous perspective treatises, the earliest editions dating to the sixteenth century. 95 Devices of monocularity and knowledge of single-point perspective circulated in China during the seventeenth century, but did not overtake indigenous notions of optics and visuality. Certainly some illustrations in Jesuit books printed in China depict space as viewed by a fixed monocular gaze. 96 Unable to prevent the reproduction of Chinese modalities of spatial representation, however, illustrated Jesuit texts printed in China during the seventeenth century also fig. 29) features the disjunctive, spatially ambiguous groundplane of contemporaneous literati painting. 99 An example of the latter, which demands an active binocular gaze, may be seen in Around 1640, some Chinese printed illustrations resolutely rejected the external challenge of single-point perspective to render moments of vision predicated upon Chinese epistemologies of optics, vision, and spatial representation. Building upon foundational models for illustrating the Chinese play The Romance of the Western Chamber (Xixiang ji 西廂記) in ways that represent binocular vision and multipoint perspective, a new multi-block, color-printed edition of illustrations by the publisher Min Qiji 閔齊伋 (1580-after 1661) pictures indigenous ways of seeing. 101 Specifically, Min's illustration for Act 10 ( fig. 31 ), "Oriole Reads Scholar Zhang's Love Letter," renders an image captured on the shiny surface of a mirror, which embodies the mirror-based optics of Mozi. 102 His illustration for Act 14 ( fig. 32 ), "Madame Cui Scolds Crimson," represents images projected by lantern light, thus visualizing a practical derivation from Mohist optics and precursor devices based upon it. 103 During the extended moment in which the camera obscura was "re-introduced" to China from Europe, and the Jesuits sought to impose single-point perspective on select printed illustrations prepared for their use in China, Chinese optical devices were introduced to Europe. The Dutch astronomer and mathematician Christiaan Huygens (1629-1695) is credited with the invention, not later than 1659, of the earliest extant European device for projecting images painted on glass. 104 Yet the Brabantian Jesuit mathematician André Tacquet (1612-1660) debuted lantern slides in Europe in illustrated lectures given at Leiden in 1653, and at Louvain in 1654, on the subject of the journey of the Italian Jesuit mathematician and astronomer Martino Martini 衛匡國 (1614-1661) from China to the Netherlands. 105 Both Tacquet and Huygens likely derived their knowledge of such devices from their contact with China. Tacquet knew Martini, who worked in the Catholic missions on the southeast coast of China across the transition from the Ming (1368-1644) to the Qing (1644-1911) dynasty. 106 Huygens' familiarity with China likely came through his father, Constantijn Huygens (1596-1687), a diplomat who was influential around 1644 when the collapse of the Ming dynasty and the implications of this event for Dutch interests in China were a pressing subject; and through his brother, Constantijn Huygens, Jr. (1628-1697), who was known for his work on scientific instruments. 107 Alternative ways of seeing and conceptualizing images, including those likely derived from Chinese prototypes, coexisted in seventeenth-century Europe, even beyond spheres of Jesuit activity. The Mysteryes of Natvre and Art, Conteined in 4 Severall Tretises of 1634, by the Englishman John Bate (fl. mid-17th century), illustrates multiple modes of seeing. By way of explaining convection currents, the first book of this compendium, on waterworks, illustrates moving images generated by devices that are similar to Chinese zoetropic lanterns (figs. 33, 34), the internal mechanisms of which are invisible when the lantern is in use (fig. 35) ; two mobile eyes are required to track fully the movement of such a device. 108 While the second book addresses the production of fireworks, illustrating the moving and illuminated images-including a "dolphin" (fig. 36 )-created by them, the third book, "Of Drawing, Limming, Coulouring, Painting, and Graving," addresses the use of the monocular Albertian grid to render both a previously made image ( fig. 37 ) and an urban landscape ( fig. 38) . 109 In Bate's work, unrelated ways of seeing thus coincide.
In Europe, moreover, Chinese devices of non-monocular vision bred new devices from hybrid Chinese and European practices and technologies of vision. The German Jesuit polymath Athanasius Kircher (1602-1680), whose interest in China culminated in his China monumentis illustrata of 1667, also took an interest in the study of optics and optical media. 110 In the 1646 edition of his Ars magna lucis et umbra (Great Arts of Light and Shade), Kircher noted a device he called the "text-projecting lantern" (lucernam artificioram construre, qua in remota distantia scripta legenda exhibeat, literally "an artificially constructed lamp that displays [i.e., projects] written text in remote distance"), which he pictured in its simple form ( fig. 39) . 111 The subsequent edition of 1671 pictured both simple and elaborate forms of a "magic lantern" (lucerna magicae; fig. 40 ). 112 Whether Kircher invented the magic lantern himself or used his extensive but indirect contact with China to appropriate this device is unknown. 113 
The Postglobal Divergence of Optical Media
Across the seventeenth century, multiple milestones mark the beginnings of the globalization of optical media, a phenomenon that included the transfer of Chinese optical media to Europe and vice-versa. The most durable evidence of this transfer is found in the publication of multiple texts, including Xu and Ricci's translation of Euclid's Elements in 1607; Schall's Chineselanguage text "Speaking of the Telescope" in 1626; a suite of Sinophone, Jesuit illustrated books between 1619 and 1640 (including the aforementioned examples by da Rocha, Aleni, and 114 During this century, knowledge of single-point perspective and transparent lenses, both rock crystal and especially ground glass, widened in China. 115 Simultaneously, devices for the movement and projection of images proliferated in Europe, both challenging and serving as a foundation for alternatives to monocularity and single-point perspective. 116 The impact of this seventeenth-century globalization of optical knowledge and optical media on the period from the eighteenth to the early twentieth century was uneven, marked by, for example, the European reintroduction of principles of Mohist optics to China. In China, building on Schall's reintroduction of optical concepts already known to Mozi, vision became a subject for study. Most notably, in 1729 the official Nian Xiyao 年希堯 (1671-1738) compiled an illustrated work on perspective, Shixue jingyun 視學精蘊 (Essence of Vision and its Principles), revised and published as Shi xue 視學 (The Study of Vision) in 1735; this work transformed abstract mathematical knowledge into a practical tool of visual composition, thereby facilitating its expanded use. 117 Just as Schall reintroduced principles known in Mohist optics, Jesuits active at the Qing court used convex lenses and the camera obscura, devices with a longer and perhaps more playful history in China than in Europe, together with novelties such as cylindrical and pyramidal mirrors to cast shadows and project images as divertissements for entertaining the Chinese, unaware of the irony of this situation. 118 While devices of "pre-cinema"-partially or wholly based on those imported from the Jesuits and others active in China-proliferated in Europe, in China, concomitantly, an enlarged vocabulary for, and discussion of, optical phenomena emerged. 119 This discussion included an enhanced discourse on shadows and specular images. 120 Furthermore, the representation of ephemeral optical phenomena (such as fireworks) and the introduction of plate glass as a medium transformed notions of visibility in quotidian life. 121 At the same time, indigenous optical media reliant on a mobile gaze and binocular vision (for example, zoetropic lanterns and magic mirrors) continued to circulate in China, coincident with devices such as peepboxes that instead were dependent on the Chinese assimilation of imported notions of fixed gaze and monocular vision. 122 Whereas in China optical media, linked to traditional optics and modes of vision, became a marker of China's backwardness, in Europe, due in part to changing epistemologies of vision grounded in advances in scientific knowledge of the function of the eye and brain, and strategies of representation that accounted more accurately for the binocularity of vision, these same media served as markers of modernity. 123 In China, for example, "light-penetrating mirrors" or "lighttransmitting mirrors"-mirrors of unequal curvature ( fig. 41 )-continued to circulate but were no longer remarkable, while contemporaneously in Europe they were considered significant. 124 The divergent vectors of the science of optics and of optical media in China and Europe are evident, for example, in the fact that Zheng Fuguang 鄭復光 (1780-ca.1853) completed his Jingjing ling chi 鏡鏡詅癡 (A Folly for Hawking Mirrors and Lenses), an illustrated treatise on optics that differentiated the functions of mirrors and lenses, thus bridging the fundamental divide between Chinese and European optics, in 1835, the year before the "invention" of the zoetrope in 1836 in the United States, a device indebted to the optical possibilities of Chinese "pacing-horse lanterns." 125 During the nineteenth century, when European painting was no longer dependent on single-point perspective (its representational schema able to accommodate more sophisticated knowledge of the function of the eye), photography-the process of fixing optical phenomena in durable media-illustrated the disjunction of European and Chinese optics despite the increasing parity between European and Chinese knowledge of this field. 126 In this context, the value of optical media diverged: denigrated in China, the site of its origin; and celebrated in Europe, where it was novel and foundational to the development of photography. 127 In China, from the time of Mozi, the ephemerality of the light-based image was unproblematic, if not desirable; thus the camera obscura persisted, without the impulse to transform its images into artifacts. In contrast, in Europe in the early nineteenth century, the desire to fix light-based images, specifically those of the camera obscura, facilitated the emergence of photography. 128 Later Chinese intellectuals were left to ascribe the impetus to fixity-and thus the global origin of photography-retrospectively to the Chinese scholar Zou Boqi 鄒伯奇 (1819-1869). 129 Despite the globalization of optical media across the seventeenth through nineteenth centuries, the European desire for monocularity and fixity never fully encroached upon Chinese notions of binocularity and mobility. This left Chinese artists free to experiment with photography in ways that replicated indigenous ways of seeing. 130 Such a tendency perhaps was underscored by the 1805 Chinese ban on the transfer of Western scientific knowledge. 131 Similarly, the early practice of photography in Europe brought this technology of image-making into pre-existing discourses on print-making and painting. 132 In China and Europe, local optical epistemologies prevailed, the circulation of Euclidean/post-Euclidean and Mohist/post-Mohist optics notwithstanding.
Light as Postglobal Medium
In China and in the European tradition, discrete sciences of optics, with divergent epistemological frameworks, existed in parallel to each other from the fifth century BCE through the fifteenth century CE. Beginning in the sixteenth century, and culminating in the seventeenth, the mutual transmission of these two discrete systems of optics-notably in devices that mediated light and/or embodied an understanding of light and its transmission, their relation to human vision, and the implications of this relation for the representation of space in two dimensions-pushed each system of optics in new directions. Schematically speaking, this phenomenon, together with the assimilation (or erasure) of any number of optical knowledges, resulted in a universal understanding of light and its principles, an understanding that, even today, grounds universal narratives of optical media.
Each of the four artists with whose work this article began might be understood to represent a different position on a spectrum of possible positions between indigenous and universal knowledge of optical media. On one end of that spectrum, Michael Snow, consummately aware of the "Western" epistemological foundations of lens-based media (as exemplified by his experimental film, La region centrale, of 1971), potently refigures that understanding in the superimposition of the segments of Wavelength-itself a meditation on the use of the camera-in WVLNT (see fig. 7 ). On the other end of the spectrum lies Xu Bing's Background Story 4 (see figs. 2, 6), a work defined by the backlit screen medium of traditional Chinese shadow puppetry (see fig. 11 ) conjoined with the imagery of a traditional Chinese painting by way of materials suited to the traditional Chinese art of penjing 盆景, or "tray landscapes." This use of a traditional form of Chinese optical media comes as no surprise, as Xu Bing has been more self-reflexively attentive to traditional Chinese media than perhaps any other contemporary artist from China, as evident in works such as Book from the Sky (Tian shu 天書) of 1989, which engages the traditional medium of printing; and Ghosts Pounding the Wall (Gui da qiang 鬼打牆) of 1990, which is reliant on the traditional medium of ink-rubbing.
Other positions on this spectrum speak to divergent and circulating knowledge of optical media. Jeff Wall's A Sudden Gust of Wind (see fig. 1 ) suggests the global transfer of knowledge of backlit, shadow puppet screen lighting technology and, significantly, its integration with commercial variations on the lightbox, the Orientalism of his medium underscored by his reference to Hokusai. If Wall might be understood as a Canadian artist looking to an optical medium with a Chinese origin, in contrast, Song Dong's Father and Son at Tai Miao (see fig. 8 ) speaks to the use of globalized optical media-the transparent photographic image and the electric projector-by a contemporary Chinese artist: here a Chinese contemporary artist simply uses those media available to him without explicit reference to any tradition of optics.
If, following Marshall McLuhan, the medium-light, without which there is no optical vision, and thus no visuality-is the message, how, as a universal phenomenon, does light establish meaning in a postglobal world seeking alternatives to cultural homogeneity, yet shaped by the instant transfer of information via LED screen? 133 The works of Snow, Song, Wall, and Xu can be placed in a connected, global narrative of optical media, a narrative in which the universality of the medium-light-appears self-evident, and in which each artist produces work in a global, connected present. But in postglobal, comparative analysis, the medium of light as well as the works created by it, universal though they may be, also might be understood to defy that apparent universality, their contemporary incarnations underpinned by the parallel histories of the medium symbiotically related to discrete, culturally contingent sciences of optics. In the case of optical media, formal similitude-the "looks like" factor-should not occlude divergent histories and epistemologies of the medium. Nor should the visual resemblance of contemporary works be used as a means of retrospectively and erroneously positing a universal history of light as an image-making medium. 
Notes
Based on a paper presented at the Thirty-fourth International Congress of the History of Art (CIHA), this article is a sketch of a book-length project on Chinese optics and optical media. As a conference paper, it was intended to provoke responses to the problem of how light, the universal medium, is presently understood in ways that obscure knowledge of how it was perceived and understood in other times and places; it was also intended to be an experiment in writing about the methodology of a comparativist, "postglobal" art history, an idea much discussed, but about which almost nothing has been written. Conceived as a set of talking points for a conference presentation on the topic of art and its media in global context, this article was never conceptualized as something that would be published in its current form; solicited for publication, however, its context needs to be specified. Please note: some material presented here Plato narrates his understanding of vision thus:
"So much of fire as would not burn, but gave a gentle light, they formed into a substance akin to the light of every-day life; and the pure fire which is within us and related thereto they made to flow through the eyes in a stream smooth and dense, compressing the whole eye, and especially the cen- 
